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beginning at 600 - 800°K again makes Q* negative. Pinally it is pointed 

out that the results obtained here may be explained by the modern theory 

of thermomagneatio effects. Furthermore, the results obtained make it 
possible to estimate the part played by acoustic vibrations of the 

lattice in scattering processes. There are 1 figure, 1 table, and 3 1 
references: 2 Soviet and 1 US. 


ASSOCIATION: Piziko-tekhnicheskiy institut AN SSSR Leningrad (Institute 
of Physics and Technology of the AS USSR, Leningra 
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3/181/60/002/011/015/042 
9 300 ( 3203, 043, 1/43) B006 /'B056 
AUTHORS : Nas) doi bi Ae Smirnova, N. N., and Tsarenkov, B. V. 
TITLE: The Temperature Dependence of the Main Parameters of GaAs 


Point: contact Diodes 
PERIODICAL: Fizika tverdcgo tela, 1960, Vol. 2, No. 11, PP- 2762-2769 


TEXT: The authors preduced point -contact diodes frcm n-type GaAs single 
crystals (condug fivity at rgom temperature: 15 - 30 chm7'*cm™ 3 concentra- 
tion: n= 5610'S ~ 107% cm"73 motilityiu, ~ 2000 cm2/v+sec), and first 


give a brief description of the production method. The volt-ampere charac- 
teristics of the GaAs dicdes were measured within the range of 
-196 - +300°C (Figs. 1, 2), and the main parameters are given in Table 2. 
The oscilloscopic characteristics were recorded by a "charactericgraph" 
described in Ref. 6. The direct branches cf the vclt-ampere characteristics 
are described ge. empirical tr re 

AG aes ee oe 
lair 7 1,fexp f as -~ tf. The faster 1, ~ exp (-AE/kT) 


(AE ~ 0.7 ev); B is a dimensionless factor which decreases with rising 
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temperature (cf. Table 2); r, is the internal series resistance of the 
diode, and Voir is the dice:t voitage drop on the dicde. The experimental 
results are shown in five diagrams. The dire:* current in the diode depends 
on recombination processes occurring in the vclume-charge region, the 
base layer, and on the surface, and aisc on the chmic resistance of the 

- im ; Tr ey, te ae 
base layer. I4,, = T exp (qU,/BkT) and Iy,.~ exp [(aE qu ,/8)/kT |, where AE 
is the activation energy. An analysis of the statistical volt-ampere char- 
acteristics in the temperature range concerned showed that: 1) the tem- 
perature dependence c= the aifferential conductivity at Uo: of the factor 


I. in the empirical formula for the direct surrent and the reverse current 
af -1v is axponential in the range cf 373 673°K; the expcnents coincide; 
a ® decreases with risirg temperature and is greater than 2 at -196 C3 
3) tie section voltage de-reases with increasing temperature; the tempera- 
ture coefficimt coincides with the temperature coefficient of the contact 
potential difference calculated for a symmetrical p-n junction, whereas 


the absolute value of Wigs is smalier than the calculated value of ee 
4) at a constant voltage, the direct current rises within the range of 
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0 - 0.6 y with rising’ temperature. Within the range of 0.7 - 1 v it ‘first 

increases, after which ii drops , which is due to the temperature depend- 

-ence of the internal series resistivity of the diode. There are 5 figures, 
2 tables, and 9 references: 7 Soviet, 1 US, and 1 Australian. 
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ASSOCIATION:  Fiziko-tekhnicheskiy institut AN SSSR Leningrad 
i (Institute of Physics and Technolosy of the AS USSR, 
| Leningrad) 


SUBMITTED: June 9, 1960 ; ; 
2 Ta6anya 2 Legend to Table 2: 1) ree 
= ; | ave | 7 7 ie ee pressed in ohms; 2) Uoee at 
low ve. ere =| Aap. B). o6p. (4 8). ‘ . 
i ! fi 3 { ‘ = i - 
——- 4) Logg Ht atv ana 
—195 | 25-1074 3.2 28 0.93 0.005 i _ 
. 20 36-1079 |. 1.7 ,} 20 0.67 0.0185 | 4.2- 1078 
300 | 4-208 | 155°) 20 | 034 | 0.0275 | 18. 10-4 
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5.2100 
AUEEORS: Dorin, V. A., Basledev, D. Be, Partekovekaya, 7. 5. (Leningrad) 
TIPLE: Preparation of a Titeniun Dioziad Seaieonductor ca Titaniua at Lov 


Oxygen Pressures 
PERIODICAL: hurnal fisicheskoy bkhinii, 1960, Vol. 34, No. 4, PP- 609 - 814 


SEIT: The oxidation of titanius in s gasecus phase obteined by heating powdered 
titanium oxide wae investigated. In thie way & gaseous phase conteining caly ezall 


amounts of exygen was obtained. Titanium foile (0.6 mm thick, 20 %20 an®) with et 
most 0.00% ¢, 0.00% Bas 0.5% Fe + Hi, and traces of Cu were oxidised. The titeniun 


oxide powder was annealed at 600° for three hours prior to use. In the firpt 
series of. experinen’s anatase powder was used, in the second, rutile powder. Work- 
ing temperatures recged from 700° te 1100°, the weight increase in the titenius 
foil undergeacs wzidation vas deternined by weighing. In the first series of ex- 
perizents the celor of the oxide file was observed to change with teaperature, 
1.0., at 650-800° the oxide is light gray, but changes into dark gray end, at 
temperatures abeve 050°, into dark blue. An I-ray analysis ehowed that at 
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AUTHORS : Yemel'yanenko, 0, V., Nasledov,D. N 

TITLE: Comprehensive investigation of the mechanism of equilibrium electri: 
conductivity in gallium arsenide 

PERIODICAL: Referativnyy ghurnal, Fizika, no. 11, 1961, 232, abstract 11 E435 
("Uch, sap. Kishinevsk, un-t", 1960, no. 50, 3-10) 

TEXT: One and the sane inetrument was used to measure 


the Hall constant R, the differential thermo-emf \ 


transverse Nernst-Ettingshausen constants QH and Qi 


daifference in temperatures is produced along 4 specimen 
incident to measurement of @ and fF. 
is measured on the same terminals as 


used as current feeds 
Hall probes, while Qill 


couples, which are 
QL is measured on 


the conductivity 6 
and the longitudinal and 

. In this instrument & 

and measured by thermo- 


ag The instrument has 4 symmetric heater-cooler systems, by virtue of which 17% 


is possible to vary the direction of the 


and make the specimen undergo practically any temperature drop. 


potential differences emount to no less than 10 fv; 


temperature gradient along the specimen 


The measured 
the sensitivity of the 


circuit 1s 0.3 wv. The principal error of the instrument is in the determina- 
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tion of the temperature differences Ar of the ends of the specimen. Two r-type 

Ga-As specimens » re investigated. Segre. size was 12 x 3x 1mm, The 
temperature was measured in the range 0 600 K. From the curves of R versus 
T it is evident that both specimens are in tne region of impurity conduction. 
At high temperatures scattering by phonons plays an essential role, witn 
decrease in temperature (TH 200° - 400 °K) scattering by the torized tmpur: 
increases, 


E. Pilippova 


[Abstracter's note: Complete translation] 
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AUTHORS : Yemel'yanenko, 0. V., Nasledov, De. N. 
Socket Seale 
TITLE: Comprehensive investigation of the electrical-conductivity 


mechanism in gallium arsenide 


PERIODICAL: Referativnyy shurneal. Khimiya, no. 20, 1961, 33, abstract 
20B229 (Uoh. sap. Kishinevek. un-t, v- 55, 1960, 3-10) 


TEXT: The temperature dependences of the thermo-enf, of the constants of 
the Nernet-Ettingshausen effect, of the Hell conetant and of the Hall 
mobility were studied in n-type GaAs samples. It has been established 
that in the range of medium temperatures (< 300 - 400°C) the scattering from i 


impurity ions plays 4 fundamental role in n-type GaAs samples containing 
various amounts of impurities (electron concentration ; 


4 = 
3.1076 - 3+10°8 ca 3), [abetracter's notes Complete transletion.] 
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AUTHOMS : + ,okobinskaya, N. I., Salavanoy, 7. V., Nasledov, Data 


BPs A study of galvanomagnetic pnenomena in high-purity InSb 


. . 7 ’ : me a 5 * , 
PERIODICAL: cferativryy shurnal, Fizika, ne. 7, 1962, 30, abstract Tere 
{Ir collection: “Jonr. metallurgii i fiz. poluprovodnikov". Mui gCOW, 
AN SSSR, 1961, 55 - 99) : 
nt Oar: tae eonductivicy (7) and the Halli coefficlent (Rj nave veer. SV eeu if 


in fy.3p yh n-type and p-type conductivity and a carrer concentratior oF iJ 
101° em73 at tenperatures (TP) of 77 - 450°K and magnetic field intensities (H) of 
5G - 25,00C ve. It is snown that R is independent of H in the region of intrinsic 
eonductivity. The strong dependence of 2 on H in tne transition region from 
impurity tc “atrinsic conductivity fits well the theory wnich allows for a ereat 
diversity of electron and nole mobilities in InSp. A strong dependence of -v and 
R on H has beeh discovered in the impurity region. In pure n-type spec:mens 2 
diminisnes by 3 to 8 times as H changes from 50 to 25,000 oe, ana the change of 
in a 25,000-ve field amounts to 500 - 7004. It is noted tnat the nign value if 
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cnese etfeci.. dces not fit the tneory walen allows Zor the scatrering of elesuron.s 
from the lattice acousticai vibrations and from imsurit, fons. In petyp,e Inc. fe 
the depende:.ce of R on ti car be explained by 2 Sceattvering of noles fran foo url - 
fons. In n-type InSb specinens of nignest purity two impurity levels witr aetiva- 
tion energies of G.02 and 0.09 ev have seen detected. The forbidden band widin, 
determined from the R(T)-functior, is equal to 6.26 ev. 

t 


LAbstracter':: note: Complete translation] 
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AUTHORS : Nasledov, D. N. and Solov'yev, R. A. 
A a ar 
TITLE: Rectifying Properties of the System Se-Dielectric-Au 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Fizika, 
1961, No.1, pp.104-109 


TEXT: The specimens were prepared follows. Selenium was 
deposited on a bismuth film supported by an aluminium base. A 
further layer of a dielectric was deposited on top of the selenium 
and the composite film was covered with a layer of gold. Altogether 
20 different insulating materials were tried. All the specimens 
exhibited a rectifying effect, which in some cases was quite well 
defined. It was found that the rectifying effect occurs at the # 
selenium-dielectric contact, Among the dielectrics used were 
shellac, polystyrene, quartz, Lac 51, Lac K-47 and others. It was 
found that the rectifying effect appeared at once and did not vary 
with tise. The thickness of the barrier layer appeared to depend 
on the magnitude of the applied voltage, while temperature changes 
between -70 and +100°C did not have much effect on the character- 
istics of materials such as quartz Lac 51, Lac K-47 and other 
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stable dielectrics. In the case of shellac, the rectifying 
properties deteriorate rapidly at higher temperatures. ,The photo- 
emf was also measured using visible radiation of 4 x 104 lux. The 
radiation was admitted through the gold film. Maximum photo-emfs 
were obtained with shellac and a material described as MmM-i: 
(MGM-16) (of the order of 15 mV). The present paper is a prelinin- 
ary report, further information will be published later. There 
are 9 figures, 2 tables and 7 references: 2 Soviet and 5 non-Soviet. 


ASSOCIATION: Leningradskiy politekhnicheskiy institut imeni 


M. I. Kalinina (Leningrad Polytechnical Institute 
imeni M. I. Kalinin) 


SUBMITTED: June 2, 1960 
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g/105/61/000/903/ 991,001 
9,4300 (eng 1035, 1143, 150) B116/B206 
AUTHORS : Rasledov, D. N. and Zotova, N. Vv. 
quae OnE: 
TITLE: Instrument for measuring direct currents of up to 40 ka 


PERIODICAL: Elektrichestvo, no. 3, 1961, 70-73 


TEXT: This is the description of an instrument similar to those 

developed by the Siemens-Schuckert Plants in the Federal German Republic 
(Refs. 2,3). It wae developed by the authors for the purpose of 
measuring direct currents of up to 40 ka with an error of measurement of 
about 0.7%. The inatrument is based on measuring the magnetic-field 
strength, the field being produced by the direct current by means of Hall 
generators developed by the authore. These Hall generators are made from 
indium arsenide (semiconductor) (Ref. 1). The new instrument differs from 
those used in the USSR for measuring direct currents by the following 
facts: it can easily be placed on a conductor rail and measure the 
current in any section of the raily the instrument has a millivoltmeter 
of the class of accuracy of 0.5 and a linear scale in the entire measuring 
range; the instrument indications do not depend on outside effects of Hf 
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foreign magnetic fields, foreign steel manses etc; the instrument has a 
sufficiently low error of measurement} the indications do not depend on 
the temperature up to + 50°C (the lower limit ts unrestricted); the 
measuring process and calibration of the instrument are very simple; the 
Hall generators used in the instrument are exchangeable and reliable; 
the instrument ie not sensitive to overloads and consumes a maximum of 
1.5 w. The basic circuit diagram for connecting the two Hall generators 
4g shown in Pig. 1. The raile conducting the direct current to be 
measured are gripped by the steel yoke consisting of two U-shaped parts. 
The Hall generators are placed in the two air gaps formed between these 
parts. It is shown that the sum of the magnetic-field strengths H, and 


in the two gaps of the width 1, and 1, respectively will only be 
proportional to the measured current I, if H,, 1. Hp, 18 the 


magnetic-field strength along the path lee in the steel. This condition 


is only fulfilled in a material with ateep magnetization curve and narro® 
hysteresis loop. Such 4 material is cold rolled silicon sheet steel vi 
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61/000/003/001, 001 
206 
XN (KhvP), which shows a high saturation induction, making it possitle 


to obtain great magnetic-field strengths in the air gaps The neglect 


of rely in comparison to I ie the only fault of this direct-current 


measuring method. The ineatrument is described in short with the aid of 
Fig. 2. The yoke is made from KhVP steel and consists of thin lamellas, 
in order to prevent heating owing to eddy currents. Between the two yoke 
parts there are very exactly machined calibrated copper cups. The yoke 
dimensions are: 114 x 87 ~ 30 om. The surface of the recess for the rail 
is 37 x 34 om. The air gap is 3 om. The weight of the yoke is 1600 kg. 
The Hall generators were made from indium arsenide and showed a sensitivity 
of about 100 yv/d. It was possible to reduce the potential drop at the 
Hall contacts to from 0.05 to 0.2 mv for H = 0. The control panel con- 
sists of two indicating instruments of precision class 0.5 (a milliammeter 
for measuring the control currents of both transmitters and a millivolt- 
meter calibrated in kiloampere) and a circuit for separate transmitter 
feeding, compensating the foreign emf and measuring the Hall emf. Each 
Hall generator has its own, accurately selected load resistance, since not 


110016-1 


J | 


only the Hall emf, but also the linearity of the scale depends on it. I 
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Provision is made for a recording device to be added on the panel. 

Pig. 3 showa the basic circuit diagram of the panel. In this circuit the 
microammeter with the resistor connected in series serves aa recording 
apparatus. The inatrument scale is atrictly linear for measurements of 
up to 40 ka and remains eo up to 50 ka, if the air gap is increased to 

4 om. The great weight of the instrument is mentioned as a drawback. 
Experiments to reduce it have led to a reduction of the measuring accuracy 
At present the authors are developing a direct current measuring instru- 
ment for currents of up to 100 ka, based on the same principal described 
here. There are 6 figures and 3 references: 1 Soviet-bloc. 


ASSOCIATION: Fiziko-tekhnicheskiy institut AN SSSR (Physicotechnical 
Institute of the AS USSR) 


SUBMITTED : December 8, 1956 
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AUTHORS: Agayev, Ya., Yemel'yanenko, O. V., and Nasledov, D. N. 
TITLE: Investigation of the thermomagnetic Nemst-Sttingshausen 


effects in solid solutions of the InS*-alSb system 
PERIODICAL: Fizika tverdogo tela, v. 3, no. 1. 1951, 194-197 


TEXT: Already in earlier papers (Refs. 1-3) the authors reported on 
studies made of the InSb-AlSb system; the first component is characterized 

by high carrier mobility, the second by a broad forbidden band. Electrical 
conductivity, Hall effect and change in resistance in a transverse magnetic 
field have already been studied; studies of this system were continued, ante 
form the subject of the present report. The principal aim of further 
investigations was to explain the scattering mechanism of carriers in solid 
solutions (by means of the Nernst-Ettingshausen effect), and to obtain more 
exact data on carrier mobility. The measuring method is described in 

Ref. 4. Pig. 1 shows the temperature dependence of the transverse Nernst- 
Ettingshausen effect (Q4) on the basis of several compositions. In the 
impurity region, the specimens had hole-type conductivity; at room 
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temperature the hole concentration of specimens 1 (InSb) was 3-109 on™’, 

1 = 
and that of 2-4 was about 3-10 7 cn 5 (23 InSbeAlSb, 3: 2.5InSb°7.5A1Sb, 
4: AlSb). Measurements were carried out in magnetic fields of 7000 oe, 
specimen 1 at 1200 0e; (weak fields, uH/c@1). The negative sign of the 
N-E effect in specimens 2-4 at low temperatures indicates that the carriers 
are scattered on impurity ions, as is natural for semiconductors of the 


ports group. Also the nature of the temperature dependence of the Hall 


effect is jn agreement with this fact. At low temperatures, InSb has a 
positive Q™, which indicates that the carriers are scattered on acoustic 
lattice vibrations. Scattering by impurities is insignificant owing to the 
high purity of the specimen. Impurity conductivity is conserved in AlSb, 
and the scattering mechanism may be determined even at high temperatures. 
At T>350°K, Q& is positive (carrier scattering by acoustic lattice vibra- 
tions), but also in the case of InSb the Q4(T) curve becomes positive 
within the region of intrinsic conductivity. This is possible in spite of 
the bipolar character of conductivity, because in InSb the electron-to-hole 
mobility ratio is high, and the forbidden-band width is low. In InSb-AlSb 
specimens, the part of the g4A(T) curves related to mixed conductivity is 
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shifted toward higher temperatures. In InSb, mixed conductivity begins at 
about 140 °K; ir. InSb-Al1Sb, at about 280°K; and in the specimen containing 
75% AlSb, at 500- 550°K; in A1Sb it does not occur at all. This may be 
explained by the increase in the forbidden-band width in the case of in- 
creasing AlSb content. As regards carrier mobility, it was found that in 
transition from InSb to AlSb hole mobility decreases. On the assumption 
that at low temperatures in specimens 2-4 only impurity ions act as 
scattering centers; the hol mobility may be calculated from the N-E effect. 
At 110°K, 140, 80 and 30 cm /v-sec was obtained for specimens 2, 3, and 4. 
These values are 2-3 times as high as those calculated from Hall effect and 
conductivity (under the same conditions); however, they appeared to be 
closer to the true values, because the N-E effect is not disturbed, e..., 
by a crystalline structure. In any case, these values may be considered to 
be limits. Fig. 2 shows the temperature dependence of the longitudinal 

N-E effect (Q'l), on InSb (1) and InSb-alSb (2). The fact that aie of (1) 


surpasses Le of (2) by about 2 orders of magnitude (the same may be 


observed in the case of qt) is explained by the much higher mobility and 
the much higher mobility ratio. Results show that scattering on the 
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disordered structure of InSb-AlSb alloys is low. Carrier mobility may be 
increased by an increase of purity. There are 2 figures and 6 Soviet-bloc 
references. 


akad. A. F. Ioffe (Leningrad Institute of Physics and 


ASSOCIATION: Leningradskiy fiziko-tekhnicheskiy institut AN SSSR imeni 
Technology AS USSR imeni Academician A. F. Ioffe) 


SUBMITTED: June 22, 1960 
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AUTHORS 1 Yenel 'yanenko, 0. ¥., Lagunova, T. 8., an Hasledov, De Oe 
TITLEs Impurity band in p- and a-type gallium arsenide crystals 


PERIODICAL: Pisika tverdogo tela, v. 3, no. 1, 1961, 198-203 


TEXT: The present paper is a continuation of an earlier paper (Ref. 1) 

in which high-imapurity n- and p-type GaAs specimens have been exaained. 

It had been found that, in these specimens, the carrier concentration 

does not change with decreasing temperature (from room temperature to 

1.5 - 2K), and also the electrical conductivity remains nearly constant. 
In n-type specimens, the activation energy of impurity levels was equal 

to sero because of the formation of an impurity band overlapping the rs 
conduction band, and the electron gas was degenerate. The effective mass 
of the holes in Gate is a multiple of the electron mass. Here, data are 
given on measurements of the Hall constant and the electrical conductivity 
of p- and n-type Gets specimens, which are discussed. The measuring 
method is described in Ref. 1. The specimens were produced from initisl 
substances of high purity (99.99%) 3 the characteristic properties of the 
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various specimens are given in a teble. The results of measurement ar 
shown in Pigs. 1 and 2. Within the entire range of measurement (2-600 K), 
the specimens were within the region of impurity conductivity. The 
temperature dependence of Hall constant electrical conductivity for 
p-type Geis is shown in Pig. 1 and Pig. 2, respectively. In the latter, 
the slope of the curves is constant from 30 to 4.2 K (the apparent breaks 
are due to the change in ecale). Ge, InSb, and other semiconductors show 
a similer course of the curves, which ie explained on the basis of a 
hypothesis concerning the mobility in the impurity band (Phys.Rev. v.96, 
p- 1226 and v. 99, p- 400). Here, the existence of two types of carriers 
of the same sign is assumed: ordinary carriers in the conduction or 
valence band, and such of lower mobility ine band formed by overlapping 
impurity levele. The Hall constant R may be expressed as a function of 
concentration and mobilities of the two types of carriers (1,2): 


2 2 2 
Raa (ujn, + wpa, )/ (a0, + u,n,), where n, + n) = const) the constant r 


a 
differs only little from unity. Figs. 5 and 4 show R(T) and o(T) for 
n-type GaAs. The maxima of the R(T) curves may be explained either on 

the basis of the above formula for u,A su,n,, OF by a surface conduction 


11 
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a effect. However, the latter cannot explain all the phenomena observed. 
. The slope of the curves with T< 30 K depends on processes occurring in yy 
: the impurity band, and eat higher temperatures on carrier transitions fron | 
' the impurity band to the conduction or valence bands. The width of the 
my energy gap between acceptor levels and valence band may be caloulated 

;-- from the slope of the R(#) curves or (for pure specimens) from the formula 
7 ay exp (~8 4 9/kT)« Both methods yielded similar results: 


i: t] oe = 0.01 - 0.02 ev. The gap between donor levels and conduction band 

we i ‘was found to be even saaller. Sone, interesting results were obtained for 

Go i conductivity; thus, the reeistivity; of n-type GaAs eat low temperatures 

a: in a transverss magnetic field does: not increase (as is otherwise the case ~~ 
4 in semiconductors) but decreases. At H = 5000 oe and at heliuz 


temperature, the resistivity decrease in some cases attains 0.6 - 0.7%} 
i dn the case of pure specimens (5300 oe), even 7.5%; and at 2.4 K, 11%. 
i On p-type specimens, this effect was either very low or did not occur at 
I all. The effect on n-type Gade cannot be explained by theories available sey 
: today. There are § figures, 1 table, and 4 references: 1 Soviet-bloo and 
3 1on-Soviet-bloc. 
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SUBMITTED:  JunW 22, 1960 
y 


| Legend te ‘the tables 1) Number and 
'.. type of conductivity of the specimen; | 
- 2) impurity, % by weight; 3) carrier 


i 
1 
, Goncentrations 4) carrier mobility. Sp | 01 Cd 1- 1019 15 
i 4p | 001 Zn | 45-10% % | 
' Sp 15 - 1018 10 , | 
i 6p | 005 Cd 4 1017 150‘ | 
1p 13 Cd | 15-1007 m0 | 
; 8p | O01 Zn | 1-107 3000 
Tn 45-107 | soo, - 
: 8n. | 0.001 Se | 21-107 | sso0° . 
“| In - 2.2 - 10 so! 
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Wo. 2a 
AUTHORS : Burdukov, Yu. M., Imenkov, A. N., Nasledov, D. N., and 
Tearenkov, B. V. Psy. 
TITLE: Alloyed Gass junction diodes 
PERIODICAL: Pizika tverdogo tela, v. 3, no- 3; 1961, 991-994 


TEXT: This ia the continuation of Refs. 1-9 which the authors published in 
FIT with the exception of Ref. 9 (C. T. Sah, R- N- Noyce, W. Shockley, Proc. 
IRE, 45, 9, 1228, 1957). The diodes studied were made from thin plates of 
n-type Gads single crystals which had been grown by the method of 
Chokhral'ekiy. Their resistivity was 0.02 ohm-cm, their electron concentra- 


tione10'! on™’, and their mobility 3500 om? /v-sec at room temperature. The , 
p-n junction was obtained by introduction of molten zinc or from the eutectic(X 
Au-Zn alloy. Lead served as non-rectifying base contact. The area of the 

pen junction was equal to S = 0.005 au% The volt-ampere characteristics of 

guch a diode at 25 and 300°C are shown in a figure. They wers recorded by 

the “charecteriograph" described in Ref. 10 (Tsarenkov, PTE, No. 2, 144, 
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1960). The most important results were the following: 1) The direct 
branch of the diode charccterisic at voltages below the cutoff voltage can i 


be described by the formula I,,. = I, axp(qU,, ./BkT) - i (1). Ty.) is 


the direct current density, Voir the direct voltage drop on tne diode, and 


f a dimensionless factor. I, increases with rising temperature. Within 
the range of nitrogen temperatures to room temperature, I,(T) is a weak 
function (weaker than at higher temperatures). At room temperature, 


-6 - - - 2 
I n107=10 7 fon, and at 300°C, I,~w10°=10"* a/om. 6 decreases with 
rising temperature within the range of -196-+300°C. At nitrogen tempera- 
tures, B ~ 7 - 12) at room temperature, 2 - 3; and on a further change in 


temperature, it approaches a value £2. The direct branches of the volt- 
ampere characteristics of several diodes have two exponential sections: 


' es = w 
Tair 1 ,,exP(a0 3, -/8,kT) and Tair 1,2exP(a05, ./B KT) 5 


1 ° 
Uhir <Ubar’ 15> 50? B,>B,- Toy and 150 increase with temperature (To. 


es i?) r . c % 
faster than I5.)8 at 200-300°C, Ljyzto2? Bix Bo The occurrence of two 
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exponential sections of the direct branch is related to the surface proper- 
ties of the diode. By a change of the composition of the etching agent, one 
of them disappears, and in formula (1) Ige Ip and Bafp- The existence of 


two sections and the disappearance of one section by surface treatment is 
ascribed to the fact that the surface of gallium arsenide has an inverse 
layer. The cutoff voltage of the direct branch is lower than the contact 
voltage calculated according to Shockley's junction theory, and drops with 
increasing temperature. The temperature coefficients of the two voltages are 
almost equal. The curvature G, of the linear section of the direct branch 
calculated from the data of the diode with a base 0.5 mm thick amounted to 


10? a/veon’. The differential resistance at zero voltage can be exactly 


calculated from the formula R, « pkT/ql,. R,(T) is nearly inverse to I(T). 


Ro of dicdes with tao exponential sections of the direct branch is much smaller 
than Ro of diodes with only one section. The reverse branch of the 


charazteristics at voltages lower than the breakdown voltage can be described > 
- apm 

by the empirical formula I tev AU ev? where n $13 qT ey increases with 

temperature. The breakdown voltage also increases with temperature, which igs 
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taken as an indication of the electric character of breakdown in low-voltage ‘| 
GaAs diodes. There are 1 figure and 11 references: 9 Soviet-bloc and 
2 non-Soviet-bloc. 


ASSOCIATION: FPiziko-tekhnicheskiy institut AN USSR Leningrad (Institute of 
Physics and Technology, aS USSR, Leningrad) 


SUBMITTED: September 23, 1960 


Legend to Fig.: Ordinate unit 4 ma, abscissa unit 1 v (left-hand diagrams) 
or 0.25 v (right-hand diagrama). 
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24,7900(/085 ued, 1398, 1469) 
AUTHORS» Youeivanenie, O. ¥., Kesamanly, F. P., and Nasledov, D. Ne 
TITLE: The dependence of the effective mass of the electron in 


n-type InSb on the carrier concentration 
PERIODICAL: Pizika tverdogo tela, v. 3, no. 4, 1961, 1161 - 1163 


TEXT: The authors give the results of a determination of the effective 
electron mass in InSb for different carrier concentrations. The determi- 
nation was done by measuring the differential thermo-emf, The experimen- 
tal apparatus has been described by the authors in an earlier paper (PTT, 
II, vyPe 7, 1494, 1960). The samples were prepared by fusing the compo- 
nente in a stoichiometric hoe f as had n-type conductivity, and a 
carrier concentration n = 3,10! 3 (at room temperature). ghey were 
The 


doped with selenium up to an tapas fey concentration of 2.5°¢ 10! 
size of the samples was 1 «3 x 10 mm. They were polycrystalline and suf- 
ficiently homogeneous. The differential thermo-enf can be expressed by the 


relation X=» « k [ r+2 P (u) - tH] (1), where r is the exponent in 
co r+1 Pr, “ 
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the scattering lav i~e*; ¢ the electron energy calculated from the botton 
of the conduction band, 1 the electron mean free path; for the various 
kinds of scattering, r has the values 0, 1/2, 1, 3/2, 2; mis the reduced 
Permi level, and Pew) the Fermi-Dirac integral. On the other hand the 


electron concentration in the conduction band is related to ‘eas 
me )3/2 4 (2upks)>/? ; 
ne (< ) A-( a2 Fy 7/2 ror where m* is the effective mass of the 


conduction electron and m the mass of a free electron. From @ and r one 
can determine «, from which m* can be calculated by the last equation. 
Since tHe thermo-emf in each case is a function of the scattering mecha- 
niem, the m* values for all InSb samples were calculated for the two ex- 
treme r-values 0 and 2. These values are given in the table for T = 300 K; 
80 also the values. If it is assumed that the scattering mechanism does 
not vary from sample to sample, the effective electron mass increases sig- 
nificantly with increasing electron concentration. In sample jn which 


contains 2.5°10' 9electrons/om’, m*/m is three times as large as in the 
pure sample 18n. This result is independent of the r-value. The assump- 
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tion that the character of scattering in the samples is independent of 
the impurity concentration is not very exact. In diamond-type crystals, 
to which InSb belongs, the electrons are scattered by acoustic lattice 
vibrations (reQ) and impurity ions (re2). ‘The role played by the two 
processes is a function of the temperature, the electron and impurity 
concentrations, the degeneracy of the electron gas, etc. If the increas- 
ing role of lattice scattering with an increase of the carrier concentra- 
tion is taken into account, the effective mass of the electrons increases 
with increasing carrier concentration even more rapidly. It can, there- 
fore, be said that in degenerate n-type InSb the effective electron mass 
increases significantly with increasing carrier concentration. The authars 
thank V. V. Galavanov for making available the InSb samples. There are 

1 figure, 1 table, and 5 references: 3 Soviet-bloc and 2 non-Soviet-bloc. 
The two references to English language publications read as follows: 

s.. Dd. Saith, T. Ss. Moss, K. W. Taylor, J. Phys. Chem. Sol. ii, 131, 19593 
Ww. G. Spitzer, H. Y. Fan, Phys. Rev. 1 r 5, 662, 1957. 
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Fiziko-tekhnicheskiy inetitut imeni akad. A. F. Ioffe 


ASSOCIATION: 
AN SSSR Leningrad (Institute of Physics and Technology 
(meni Academician A. FP. Ioffe, AS USSR, Leningrad) ; 
Institut fiziki AN AzSSR Baku (Institute of Physics, 
AS Azerbaydzhanskaya SSR, Baku) 

SUBMITTED: August 11, 1960 


Legend to the 
Table: 1) Sample, 
2) a, pv/deg- 
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AUTHORS: ..en Chih-c Nasledov, dD. N- 


TITLE: Electrical and ,;alvanomagneti- properties cf n-type Inst at 
low temperatures 


PERIODICAL: Fizika tverdujy tela, v- 4, fee vs yaad, dleh- Vics 


TEXT: The conduction mechanisn of n-type InSb at temperatures ef liquid 
helium has so far not been investigated. Therefore, the present article is 
devoted to this subject. Hesides, the properties of the impurity bind are 
hardly explored, particularly because ;ure n-type InSb cryatals do not exist. 
fhe authors studied the temperature dependence of alectrical conductivity 
and Hall constant for impurity; soncentrations of 1015-1012 cm7?, ag well as , 
the change in resistivity at helium temperatures due to a magnetic field. 
The results show that, at helium tenperaturea, conduction in the impurity 
band plays 4 considerable role in specimens with an impurity concentration 
of the order of 1014 em-2 or less. In thia case, electron inubility is 
relatively high in weak magnetic fields and decreases rapidly with rising H. 
The results of the studies are illustrated graphically. Specimen Tn (the 
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specimens are numbered from 1n ts Tn) with a carrier cencentration of 
4.5*1015 em-3 did not show any temperature dependence of Hall constant (R} NX 
and electrical conductivity (9) belew the temperature of liquid nitroven, 


which is explained by an overla; of im;urit, band and conduction band. tn, 
4n, and 5n with n<10'4 om-3 have R(T) and o(f} curves whose shape 15 
characteristic of separate bands. The slope of the log o = r(1/T} uurveg 
becomes steeper with decreasing impurity concentration. The results indicate 
that in n-type InSb, the impurity band is not ag marked as, fer ingtance, in 
Ge or p-type InSb: The maxima of the R(T) curves are very weak, ani the 
o(T) curves drop more slowly than in the case of Ge or p-type InSt. Ro 
attains a hign value at nelium temperatures, 1.e., the electrong in the 
impurity band have a high mobility which equals abcut that in the cenduction 
band. With a drop of temperature, Ro decreases more stonty toan in p-type 
InSb; at helium temperature, it lies between 102 and 102 cmé /v: sec. Also 
Le/o = £(H) is graphically shown for the different cases studied. For 
specimens with n<10'4 cm-3, these functions differ considerably from those 
for specimens with newton, At low concentrations, oacillationg of tie 
resistance in a magnetic field were not observed. Specimens 1m an? 6n exa- 
hibited negative Ae/e, values in a weuk field at helium temperatures. 
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Specimens 3n, 4n, and 5n with impurity concentrations of less than 1017 ear 
had no negative Ac/ky values. Electron mobility in the impurity band de- 
creases quickly with rising H. Ina transverse H-field, specimens 7"; 8n, 
and 9n with {impurity concentrations of about 4015 em7? showed resistivity 
oscillations, from which the electron concentrations were calculated and 
then compared with those calculated from R.- Agreement was satisfactory. 
There are & figures: 1 table,and 3 references: 2 Soviet-bloc and 1 non- 

. Soviet-bloc. Tne two most recent references to English-language publications 
read as follows: E. H. Putley, Proc. Phys. Soc. 13, 128; 1959; R. F. Broom, 
Proc. Phys. Soc. yak 459, 1958. 


ASSOCIATION: Fiziko-tekhnicheskiy inatitut im. akad. A. F. loffe AN SSSR 
Leningrad (Institute of Physics and Technology jmeni 
Academician A. F. Ioffe, AS USSR, Leningred) 


SUBMITTED: August 25, 1960 (initially) and November 3, 1960 (after 
revision XK 
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G1. 4300 (1150, "16 436) / 
AUTHORS : Lien Chin-ch'ao and Nusledov, De N. 
TITLE: Electrical and galv wnomisnetic properties of p-type InSb 


crystale at low temperatures 
PERIODICAL: Fizika tverdogo tela, v- 3, noe 5, 1961, 1458 - 1464 


TEXT: While the behavior of Ge and Si at helium temperatures has been stid- 
ied repeatedly, the conduction mechanism of p-type InSb crystals is 48 yet 
hardly known. Results available so far (Ref.2: H. Fritzsche, K. Lark-Horo- 
witz, Phys. Rev., 99, 400, 1955; Ref.3: E. Putley, Proc. Phys. Soc, Ly 
128, 1959) point to the existence of an impurity band. Crystals prepared 
here by zone smelting, 6-1.51.0 mm in size, and with carrier concentrations 


of 10'>-10"? ear? “at nitrogen temperature were exagined by means of cold- 
resisting soldered probes in the temperature range from liquid nitrogen to 


1.7°K as to their conductivity and galvanomagnetic behavior. The concencen- 


trations o& carricrsat 77°K were 1.2.10, 3.0.10'4, 1.9.10", 409210, 


561.1014, 1.3.10'4, and 7.9210"? om” for specimens P5, 3P, PO, 4Ps TP, 8Py 
card 1/6, 
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and 9P, respectively. In specimens with an impurity concentration of 


1014210! a"? resistivity and Hall coefficient R were found to attain 

a maximum and to drop abruptly thereupon; this is in agreement with data 
from Refs. 2,3. The ascent of the curves log FB = £(1/T) gives the activa- 
tion energy. The product R6 in the specimens 4P, 6, and 3P (Table 1) 
growe slowly with dropping temperature, passes through a maximum, and then 
drops abruptly, whereas in the other specimens the character of the curves 
is basically the same but Ro drops more rapidly with rising temperature. 
Since the conduction mechanism depends on both the gcceptor ard the donor 
concentrations, these concentrations were determined separately (using the 
law of mass action) in the region of impoverishment at helium temperatures, 
under which conditions all impurities may be regarded as being ionized, 

and the concentration difference N, - uN. depends upon the Hall coefficient. 


Table 1 gives the calculated values of acceptor ard donor concentrations, 
and the activation energy for specimens 4P, rb, and 3P; the fact thet the =a 
activation energy depends on the compensation of impurities was taken into 


account. The form of the curve log & = £(1/T) for specimen P5 (hole concen- 
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tration, 10! ca’) points to the presence of two different types of ac- 
ceptors with activation energies E, and E53 they appear in various temper- 


ature ranges. All acceptors are jonized at nitrogen temperature, and the 
difference between acceptor and donor concentrations (By + Ny - Ny) can, 


therefore, be detemined from R. The values W,=2.3.10', H=2.24.10'%, and 


My22-24.10"° om” > were found. The behavior of Ge, Si, and InSb at helium 


temperatures cannot be explained by the usual theory of semiconduction. 


In specimens 4P and P6, Re was 5 and 32 ca’ /v.* sec, respectively. The hole 
mobility Yo in the impurity band was assumed not to depend on temperature, 


whose concentration Po attains a saturation value, with rising temperature 
which is larger than the acceptor concentration. 
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Rec”? 


from data 
according to 
logk=f(1/T) 


Specimen Po» on™? 


(saturation value) 


1.16.10'4 
8.0. 10°? 


5.09.10! 
1.97.10! 


4P 


This indicates that not all the holes reaching the impurity band contrib- 
ute to conduction, and that, therefore, some experimental results on impuri- 
ty conduction disagree with the usual concept. The activation energy of 


acceptors in p-type InSb amounts to (7 - 9)+107? ev. The calculation of R 
as a function of 1/T yields values that are in good agreement with experi- 
mental ones. A thermal treatment that changes the properties of InSb 
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strongly, causes the activation energy of acceptors, to increase to 


-(te4 = 1.6)*107“ev, while the concentration depends on the conditions of 
the thermal treatment. There are 5 figures, 2 tables, and 13 references: 
. 1 Soviet-bloc and 12 non-Soviet-bloc. The most recent reference to English- 
7 language publications reads as follows: EB. Putley, Proc. Phys. Soc., Ls 
126, 1959. ; \. 
ASSOCIATION: Fisiko-tekhnivheskiy institut imeni A. FP. Ioffe AN SSSR 
Leningrad (Institute of Physics and Technology imeni 4. fF. 
Ioffe, AS USSR, Leningrad) 


SUBMIT ‘ED: January 4, 1961 
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AUTHORS: Zolotarev, V. F., and Nasledov, D. N. 
SS OT 
TIPLe: Noise of p-type indium antimonide in @ magnetic field at 
room temperature 


PERIODICAL: Fizika tverdogo tela, v. 5, no. 9, 1961, £6355 - 2059 


VixXT: It has already (Refs.1 - 4, see velow) been found that the noise 

of pnotomagnetic effect is of the same order of magnitude as thermal noise 
The authors studied the photomagnetic-effect and current noises in thin 

(8 - 10.) InAs monocrystals in a transverse magnetic field. The acceptor 


: 16-1 - sososs : 
concentraticn of the crystals was 5.10 om « A special preamplifier «ith 


an equivalert noise input resistance of only 8 ohms was designed for tne 
measurements (Fig. 1). The main amplifier used was a type 26-WUM(26-IM) 
with an input trensformer removed for pass-bund broudening. ‘The noise 
voltage at the output was measured by means of an AW-1-50 (AN-1-50, 
analyzer. The output shunt of the analyzer had a capacitance of 1500::f. 
The measurements (H = 0-25,U00 oe) indicated that the photoma. netic .wises 
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have a white spectrum. oars = 4kTR f, where R denotes the resistance of 


tue specimer. in the magnetic field. This formula has been experimentally 
verified several times. The specimens exhibited remarkable photomagnetic 
sensitivity. the noises, however, did not react to an iilumination up to 


2 ; : : : 
0.1 w/cm” when heated to 6uv0°C, i. e. the photonic noise signal was well 
below the thermal noise signal. Current-noise measurements snowed tnat 
both the noise-versus-frequency and the noise-versus-current curves were, 


in shape, independent of magnetic field strength. The curves Ins oise = 


g(in f) were parallel straight lines. for f%10 kc/sec the cu:rent noise 


> 4 
can be described by the relation ue a Saw Na) the constant A vas of tne 
) 40 (cur 
order of ‘> . ‘ne small deviations from tnis luw observed were attributed 
to the e:::ts of the contacts. The excess noise ig due to corductivity 
fluctuation: induced by fluctuations of the Fermi level. ‘the relation 
between milicerity and majority carsiers 1g important for that aind of 
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noise, 1ts amvunt being determined by tne fluctuations of the majority 
carriers in the semiconductor. If the currents are of sufficient strenzth 
the noise current reaches a sort of saturation, tne cause of which has 
hitherto not been explained. There are |» figures and 9 non-Soviet 
references. The four most recent references to the English-language 
publications read as follows: Ref. 1: 3. J. istcolosi. Blectr. kng., 3’, 
4@. 1958, Ref. 2: b. Kruse. J. Appl. Phys., 50, no. 5, *7U, 1259. “ef. 4 
S. Kurnick. J. Appl. Phys., 27, no. 3, 278, 1956. Ref. 4: P. Kruse. 
wlectronics. 33, no. 13, 62, 1960. 


ASSOCIAT.LON: FPizico-tenzunicnesxiy institut im. a. #. ioffe AN ssoKk Lenin- 
rrad (Physicotechnical Ingtitute imeni A. F. loffe AS USSR 
Leningrad ) 

SUBMIT vad: April 3. 1:01 
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GH70 (1081, 1035; ¥8%) 
AUTHORS: Galavanov, V. V., Kartuzova, I. A., and Nasledov, D. N. 
TITLE: Measurement of the diffusion length of minority carriers ih 


InSb 


PERIODICAL: Fisike ‘tverdogo tela, v. 3, no. 10, 1961, 2973 - 2980 


TEXT: Since the characteristics of InSb infrared receivers depend con- 
siderably on the minority-carrier lifetime zy (or their diffusion length L), 
measurement of these quantities ia of great interest. The authors used 
the Waldes method to determine L and? in n- and Pshype TnS} single 
crystals having impurity concentrations between 10°“ and 10'°a™’. 
determined by the Waldesa light-probe method. For weak illumination 
intensities, when the collector photo-emf V (kT/5e (e - electron charge),. 
V is proportional to the light-induced minority carrier concentration. 
When the surface recombination rate ie stall, V = V,exp(-x/L). in the dark 
(x = distance from the illuminated region). ‘This relation holds for one- 
dimensional geometry. In axisymmetric geometry V = V,exp(-x/L)/¥zx- It 
was to be found experimentally which of these formulas has to be applied. 
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‘The 0.2 - 2 am thick test pieces were polished and then etched with CP-4A 
(SR-4A).: They were placed in a vacuum cryostat with an BaCl window. The 
light inoiding on the specimen was interrupted by an 800-cps chopper. A 
tungsten or phosphor-bronse point served as a collector contact; a 28-4y 
(26-IM) amplifier was used to messure the yariable photo-enf on it. The 


wee ne ee: 


4 
"a (4) 


Dieu kt/e being the hole diffucion degericienks: bs u,/u,» the mobility 
; ratio, py and n, the equilibrius concentrations. For intrinsic con=- 
_ ductivity D's avd, /(d+1). In thw case of impurity conductivity, D = D, 
for notype, and De De ukt/e for p-type specimens. The carrier con- 
centration in the intrinsio-conductivity region of InSb is given by 
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n,¥ 6010 14n3/2exp(21510/7). The temperature dependence of t can be seen in}, 


Fig. 4. When temperature drops from 170 to 120°K, v decreases to less than 

one hundredth its value. In this range the temperature dependence of ¥ 

obeys the Shockley-Reed law. It is shown that the experimental curves 

t= £(1/T) agree with the formla eee ot tems (12) 
+ PO Vine Ne,” 


which holds for a neutral crystal and radiative recombination. N 


are 
Nop 


the majority-carrier concentrations in an n- or p-type crystal in the 
region of impurity conductivity. Y¥ = 2r,n,/N p holds for the impurity- 
9 


conductivity region (n,<N, > The straight line corresponding to Auger 


rocombination is too stoep. Reaultes: (1) No correlation was found between 
L and the impurity concentration. (2) The data agree with the radiative- 
recombination theory for b #600 - 700. (3) The difficulties arising in the 
interpretation of the results may be due to an inaccurate measurement of L 
ard an inaccurate calculation of U,- There are 5 figures, 1 table, and 


24 references: 9 Soviet and 15 non-Soviet. The three most recent refer- 
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ences to English-language publications read as follows: R. A. Laff, 
H. Y. Fan. Phys. Rev. 121, 53, 1961; R. T. Landsberg, A. R. Beattie. 
J. Phys. Chem. Sol., 8, 73, 1959; R.N. Zitter, A. J. Strauss, A.E.Attard. 


Phys. Reve, 115, 266, 1959. 


ASSOCIATION: Fiziko-tekhnicheskiy institut im. A. Fe. Ioffe AN SSSR 
Leningrad (Physicotechnical Institute imeni A. F. Ioffe 
AS USSR, Leningrad) ; 


SUBMITTED! April 28, 1961 


NN 
Legend to the Table: (1) Number of 
the specimen, (2) voltage. 


13p14 | 1.4-1013 ~ 9-108 9-108 
13pl 1- 1913 - 15-105 3-108 
15p5 5- 1015 _- 2-105 4-108 
lé6p1 1. 1016 =— 6-106 2-16 
1202 _ 2- 1012 7-106 103 

1382 _ 2- 1918 2-106 3-108 
1303 _ 3-10!3 | 45.106 13 

14n6 ~ 6-104 | 12-108 2-108 
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! 7) yf B102/B138 
_ AUTHORS; Zolotarev, V.F., and Nasledov, D. N. 
“TITLE: : Photomagnetio effeot in P-type InSb at room temperature 


- PERIODICAL: Fisika tverdogo tela, v. 3, no. 11, 1961, 330643313 


TEXT: Photomagnetic effect (ph. a. ©.) in potype InSb was measured at roon 


" temperature and et iepurity concentrations from 122019'6 to 1.3010" log@> 
in fields of 600 80 16,000 oe. ° The photomagnetic e: m. f. was measured 
by meane of a sensitive 26 If" (261M) amplifier. The speciaens were 


illuminated by a hot point (400°C) with an intensity of I, = 8.107? w/om, 
The light flux could be sodulated sinusoidally with a frequenoy of 800 cps. 
The specimens, 0.6 -° 2. 6 an? large, were etched with €p-4 (SR-4). The 
lux-volt characterietioe were found to be linear between 8°10") to 8+107> 
w/oa® Light intensity. Prox the straight lines w/12 = f(H*) the electron 
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mobility was determined using the relation he A isbs Tree ea® vosec. 
if 


, 1 
the values detersined in thie way differ from those calculated from RB, 


? and 6, (Wall coefficient and conductivity at roos temperature), which are 
| denoted as y,. Ta Fig. 3 the ratio Upne/He is shown as a function of 
iapurity concentration P, (acceptor concentration). All specimens shoved 


'.@ linear dependence of protomegnetic e. m. f. and H for weak fields. 
: For thick specisens (di a) the ehort-circuit current is given in Ref 5 


= mney, (6) | ; 
ie ; 


and the anbipolar-diffusion length by 
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le 1+ ¢)'* 
ioe ae bey (7) 


if the relaxation time is e1 energy-dependent. If it is not, 


att, | | 


1\ @ 
ne o ft 
and ; a ; f 
om ba (t+ 0) : (2) ; - p 
teptae + bo (14 27-) _£ 
nold. @ denotes the Ball mobility of the carriers, fy, and p are the . f “Fk 
kinetic integrals, o the electron-to-hole concentration feed, Yr the a 


relaxation time, 5, the piace caer rate on an illuminated surface, I, + 
“the number of satus incident per on’, 1, the electron diffusion length, x _f 
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b the electron-to-hole sobility ratio. In the photomagnetic effect the 

ratio between short-circuit current and photomagnetic eaf is given by a 
Vine * isi/da, @ ie the thickness of the sample, 1 the distance between 

‘the contacts and uv the conductivity in the maznetio field. The quantity 

7B, /14 was found to be between 0.01 and 0.1. For euch small values the 


change in ambipolar diffusion Length, in the magnetic field froa 
Vonei/V phe is the photomagnetic emf of a specimen 


with illuminated etched surface, V pha2 the emf of the same specimen whose 


polished surface ie illuminated. The results show that the theory of 
photomagnetio etfeot which is based on the solution of the kinetic current 
equation fita the experimental results better than a phénomenologic 
theory. For thin speciaens 


= 148, 7/14. Vohat 


1—o™ 
v a: (13) 


oars oe 
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holds. Hole concentration was measured as a function of acceptor 
concentration and was found to decrease with increasing P,> For 


p,wto"® 3, Hy was found to be 1700 on?/v-aec if the free-carrier 
concentration was aseumed to be 1.0010 om”, For Be theory yielda 


3600 on*/v.eec. There are 6 figuree and 14 references: 4 Soviet and 10 
'" non-Soviet. The four most recent references to English-language 

publications read ag follows: P. W. Kruse. J. Appl. Phys., 30, Ho. 5, 770, 

1959; Ce Hilsua, R. Barrie. Proc. Phys. 50C ey Lis Ho. 460, 1958; Re Ne 

Zitter, Ae J. Strauss, A. EB. Attard. Phye. Rev., 115. Noo 2, 1959; 

G. Hilsum. Proc. Phys. So0c., 76, No. 489, 1960. 


ASSOCIATION: Fisiko-tekhnicheskiy inetitut im. A. F. Ioffe AN SSSR 
Leningrad (Physicotechnical Institute imeni A. F. Ioffe 
AS USSR, Loningrad ) 


. SUBMITTED: May 18, 1961 x 
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: Tar 
14,7700 (1093, 1088, sss) {2 o8 
AUTHORS: Komolova, T. I., “asledcy 
ee 

TITLE: Study of static volteampers if. (7 r+at:cs of rectifiers 

made of semiconductive tits... + side 

J 

PERIODICAL: Fizika tverdogo tela, *- 1, ~ ot 7 38, 3400-3404 
TEXT: The authors studied the static v"-" a5: 7 -naracteristics of 
rectifier elements at temperatures ran..f: v= «stpagen temperature to 


+#240°C, useing a highly stable thermostat (a varzany cf K. Onnes’ type). 
Ti0g films, 20 by 20 mm, were produced in ‘itancu! viates previously 


polished, etched, and oxidized in water va; 5 4% so0¢S for 2 hr. 
Subsequently, they were cooled to 500°S 37 4 54 "Att and further cooled 
in air to room temperature. As theory sf: 43 “i -arrent strength must X 
depend on voltage like 

I - eqeeies - 1), where 3 = viectron charge and 


§ =| dimensionless coefficient. If V €pkT/ 3, 3 exponential function 
goes over into a linear one: I= I.(q¥/fcl =5 7, where G, denotes 
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conductivity at zero voltage. Measurez«r ° ,'+ (8 & great numver of 
specimens always showed similar results. :.5. ' sicws volt-ampere 
characteristics for specimen no. 1 at *::- .iif-rer*t semperatures. The 
cutoff voltage and the resistance r. Wis. i--:re.ned from similar curves 
for each temperature. The voltage eae wiicr was 3.7-3.6 v at 
nitrogen temperature, decreased with ris... ‘~": erature and amounted to 
0.5-0.7 v at +240°C. The volume resists . a + estimated from the 
inclination of the rectilinear sectio2 1 —° ° ‘.racteristic. Resistance 
increased from 4.5°10 ohmecm? at nitrox! *- rat.re to 5.35 ohm-cme at 
+ 240°C. r, is an exponential functi-: -: ~ + ;-m which an activation 
energy of 0.16-0.18 ev is obtained. Anl-nai ca, .cencial section with 
high valuea of 8 appears on the direc’ ‘-:: ' che volt-ampere 
characteristic for Ti0, rectifiers at -°¥ / ‘ales ‘3.2-6.5 ev). Owing 
to the existence of two exponential s= °-. ., the wwe values Ty and Io, 
(I,,P1,2) follow for B,}B, from the .. -. i = £4) = 1,027/BEE, 

Fig. 4 shows the initial parts of the v... . ,-:+ sharacteristics for 
specimen no. 1 at -79, +18, and +108°C. ' { .st part of the inverse 
branch dj volt-arpere character. -s l(t: 2-3 v of the inverse 
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voltage, represents the current strength as a linear function of the : 
voltage. The inclination of this straight line represents the conductivity 
of the rectifier at zero. From 2-3 v onward the above-mentioned linear 


function goes over into the exponential function oe = Ts nyoeeP(av) » 


where a is a temperature-dependent coefficient. The type of rectifier 
conwidered here behaves like other semiconductor rectifier. The rules 
established here can be described by tie formulas of the theory of p-n 
junctions. The high valuea of V enee accvee with the large width of the 


forbidden band. There are 6 figures and t references: 1 Soviet and 

5 non-Soviet. The three references to Engl sh-language publications 

read as follows: H. C. Gorton, T. S$. Shil iday, F. K. Eggleston. Electr. 
Eng.» 74, 10, 904, 1955. C. T. Sah, R- N. ‘vy.2. W. Shockley. Proc. IRE, 
45, 9, 1228, 1957. Re G. Breckenridge, 7 \. Hosicr. Phys. Rev., 91, ul 
793, 1953. 
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ASSOCIATION: Fiziko-tekhniaheskiy institut im. A. F. Ioffe AN SSSR 
Leningrad (Physicotechnical Institute imeni A. F. Ioffe 


AS USSR, Leningrad) WX 


SUBMITTED: June 13, 1961 
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31 | 
AUTHORS: Mamayev, S., Nasledov, D. N., ard Galabanov, V. V. 
_ A 
| 
TITLE: Electrical properties of the s-siccniuctive solid solutions 


xCdSnas, - y (2InAs) 
PERIODICAL: Fizika tverdogo tela, v. 3, no. 11, 1961, 3405-3413 
TEXT: Electrical conductivity and Hall constant R were measured in the 


temperature interval of 77-950°K on 14 different compositions of the 
aysten xCdSnas,, - y(2Inae). The measurements were made in a constant 


magnetic field of 6700 oe by a compensaticr. sethed - in vacuo below room 
temperature, and above room temperature, in an argon atmosphere. 
Spectroscopically pure Cd, Sn, and In samples were used for the purpose. 
The compositions of the test samples (values x and y) are listed in the 
enclosed table. Figa. 1 and 2 show the electrical conductivity as a 
function of the reciprocal absolute temperature. In the interval of 
77-280°K, the electrical conductivity of the samples is virtually 
independent of temperature; only the electrical conductivity of samples 
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5n1, 1n0, and 2n3 slowly decreases with increasing temperature. At high 
temperatures, from ~ 350°K onward, ¢ increices ex: sentially for all the 
compositions examined here. The cornsta:./ 3 and R over a wide range of 
temperatures is indicative of a degeneracy at icw temperatures. At high 
temperatures, the Hall constant decreases exponentially with increasing 
temperature. At low temperatures, the product (R,o), which characterizes 
the carrier mobility, is virtually indepenie.: of temperature. It 
increases considerably with rising temperature above 250°K and decreases 
agein above 600°K. The unvarying sign of &, which is characteristic of Ss 
the test samples (except 1p99 and 1p399), 15 »bviously due to the fact 
that, owing to the high impurity concentra‘::n in the samples, pure 
intrinsic conduction is not yet reached ir the temperature range in 
question. The nobility ratio is almost egiai t> unity. At b=1, 8 
decreases exponentialiy (exponentAE/kT) w:thin the region of intrinsic 
conduction. If the order of magnitude cr t is unknown, the error involved 
in the determination of AE from the curve may reach 100%. In this 
case, the value of AE obtained from o(T) is mere exact. Fig. 8 contai..s 


values of AE as a function of the composition of the test samples. The 
values of AE obtained from R(T) and c/T* i:ffer only slightly. The 
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for interest and advice. There are & figures and 9 references: 5 Soviet 
and 4 non-§oviet. The three references to English-language publications 
read as followa: A. I. Strauss, A. I. Rosenter:. Bull. Americ. Phys. Soc., 
+ 83, 1960, A. I. Straues, A. I. Rosenberg. I. Phys. Chem. Sol., 17, 

78, 1961) 8. Khrenreich. Phye. Rev., 120) 6, 1951, 1960. 


| 
forbidden-band width of CdSnde, is 0.26 ev. 4. A. Goryunov is thanked ; 
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SUBMITTED: June 15, 1961 J | 
Table. Blectrical. properties of the samples. ~~ 


Legend: (1) number of sample; (2) type of conduction; (3) end (4) composi- 
tions (5) mobility; (6) conductivity. 
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Semiconductors in science and technology. Vest. Ali SSSB 31 ono.ll: 
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mens. A zone model with two recombination levels in the forbidden bard is 
suggested. The trapping crosa section for electrons and hotes in this mode. 


124 mi 2 
are ¢, ~10 6 and c., ~ 10 3 cm , respectively There are § figures 4% 


tables, and 14 references: %3 Soviet and ‘: non-Soviet. The f-ur nost 

recent references to Snglish-language publications read as followe R 

Zitter et al. Phys. Rev. , 118, 266, 1959; C. Hilsum Proc Phys Se er 

81, 1959; R. Zitter. Phys. Rev., 212, 852, 1958; RR. T Lbanisberg. &£ 5. 

Beattie. J. Phys. Chem Sol., 8, 73, 1959. 
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AUTHORS . Yemel'yaneako, 0. V., Kesumarnly, FPF. or., and hasletovy Lo | 
fe ee See Te ge 
TITLE Tnermoma.retic liernst-Ettingshausen eflects in destener.:. 


indium antimonide 
PERIODICAL. Fizika tverdogo tela, v. 4, no. 2, 1962, 446-445 


TEXT The temperature dependence of the longitudinal and the transverse 
sernst-Ettingshausen effects was investigated in weakly and strongly 
degenerate InSb single crystals in the range 100 - 6000K. In+Sb were 
mixed in stoichiometric ratio, melted and doped with se; the Czochraluk. 
method was used to grow electrically homogeneous sin.le crystals wit: a 


> 16 1 -3 , 
electron concentr:tior of 10 - 10 Sa « The crystals measured rei ee 
fo.lowing characteristic parameters at room temperatuce: 
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Thermomagnetic Nernst-Ettingsnausen .., B102/B136 
rumber of speci.er 17n 13n ir. 

; ale V7. 18 z 
electron concentration 4-16 3-79 ® 10 “sm 
mohility 66,0u6 40,000 O0UL om 4 Lk 
degeneracy 4) +4 +14 
-inearity of N-E effects 

up to 860 1500 10,000 oe 
measurement of temperuture 
dependence of N-E effects 69C 1G0e 4GtS ce 
“3n and 7n had impurity conductivity, 17n - mixed conductivity at 


‘ne hole motility and the role of tre holes in the ShermOMmagnetic etiu 
was mich s~.ller than that of tne electrons, the theory ov pure aspurs: - 
~onductivity 8 Aapplicacle for all specimens The results show °:; 


for InSb, as for Inds, at higher temperitures the 
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Vheruouasnetie Nerrat-Ettingshausen 


ate B102/B138 
ttered from acoustic lattice vibrations (44, g')u). 

veatbering increases with the degree of degeneracy. There are 2 fi 
“nd 2 references: 7 Soviet-bloc and 2 non-Soviet bloc. The referener 
ta the En;lish-language publioation reads as follows: H. Ehrenreicnu. 
whyse Chew. Gol. 2, 131, 1957, ; 


on 
tones 


Lattice 
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Ae F. Ioffe AN 3ogh 
titute imeni A. F. Loffe 
titut fiziki AN Az. Soh Baku 
Azerbaydzhanskaya SSK, Buku ) 
SUBWIT?T LD: September 13, 1961 
Vig. 1. Temperature dependence of 


wl for 17n (1), 15n (2) and 7n (3). 
hig. 2. Temperature dependence of @ for 17n (1), 13n (2), and 7n (3). 
«' and WY+ given in case units. 
Curd 3/@ 
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AUTHORS ¢ Zotova, N. V., and Nasledov, ). Ne 
TITLE: Galvano- and thermomagnetic properties of p-type indiua 
arsenide 


PERIODICAL: Fizika tverdozo tela, v. 4, no. 3, 1962, 681 - 684 


TEXT: The authors measured the coefficient q* of the transverse Nernst- q 

Ettingshausen effect, the hole mobility, and the Hall constant R of 

p-type InAs. The results snowed that in the range 95-350 K the carrier 

scattering from impurity ions passes over into scattering from phonons. 

Tre crystals (specimen 1(+Zn): pe 1.8°10'9, specimen 2(+Ca): p = 2.6710", 
1 a 

specimen 3 (+Z2n): p = 2.810 9 cm 3) were produced by doping n- type Inds 

with Zn or Ce of a purity » 99.99%. The carrier mobility measured decreased 

with increasing temperature, but more slowly than according to the 


03/2 law which holds for pure scattering from acoustic lattice vibrations 
The Nernst-Ettingshausen effect must be negative for scattering from 
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impurity fons, positive for seattering from phonons. For specimens 1 

ane 2 in the temperature range investigated, Q+ first tends to sositive 
values, but then assumes high negative values due to the mixed conductivity 
occurring at 300 - 350°K. From 1-7 = 2.32«1049* KPO /o, r- reduced t 
Fermi level, K £) «= factor teking account of the degeneracy of the carrier 
gas, uy, = Hall’mobility of the holes), the effective exponent of L-.v? can 


be calculated, where 1 = mean free path of the carriers, v = tneir thermal 
velocity. r= 4 for scattering from ions, r = 0 for scattering fron 
phonons. The measurements showed a decrease of r with increasing tempera- 
ture. The authors calculated the effective mass of the holes from the 


differential thermo-enf (a = k/e- | (&/2b2 )7 7044 (P9/(ie/3e1 Ff) -fi, 


and from the known hole concentration p « (me /n)?/?(4/ (4)(2¥me/n? )>/ 7a 
(FGA) - Fermi integral) the effective hole mass a can de calculated. a 


decreases with increasing temperature; in specimen 3 with the strongly 
degenerate hole gat, it is much greater than in specimens 1 and 2. O. V. 
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Yerel'yanenko is thanked for discussions. There are 4 figures, 2 tad? s, 
ance 5 references: 3 Soviet and 2 non-Soviet. The reference to the English- 
language publication reads as follows: C. Hilsuz, A. G. Rose-Innes, 
Semiconducting III-V Compounis. Perramon Press N. Y.-London-Paris, 1961. 
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AUTAOAS: Zolotarev, J. Fo, adr nagleacv, DO. RN. 
es pen Sea raee 


iiss Dependence of the tiuolaur iiffasisn len-tn and of the 
sum of “he Sail movilities of tne curriers in potype InSb 
on the tagnetic Zicid strength at room temperature 


PERIODICAL: FPizixe tvercono tela, v. 4, ne. 1, 1942, 977 - JE2 
J t& the direction of crystai growth 
necsanicaliy on one side, ana electro- 

ic enf was determined wit t 


TEXT: Samples were cut fers 
(5+7.5°0.3 mm). ney vere po.: 
lytically on the other. The 


illumination from botn s ao t 
samples examined at 149°R was between 2.55 and ‘75,000 em?/Coulomb; the v 
: : re es ; 15 - : 
accepto:. concentration was detveen *.6+10'7 ane 1.74610 lopert 3 and tse Yall 
rs 5) 


coefficient at room temperature vas between -35G ana + 3.6 cn /Coulomb. 
It is concluded from experimental d theoretical resulis regarding the 
Hall mobility of carriers in a magnetic fiela in different scattering 
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Dependence of the binclar diffusion 
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from impurity ions, fron free spge alvara 
was not possible to estimite the guanticvat: 


scattering mecharisms. “here are % fi tuole. 
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AY. : B102/B104 
J pee 
AUTHORS : ae aT. Rogachev, Ae Aes Ryvkin, S. Me, and 
garenkov, Be V- 
PIPLE: Recombination radiation of gallium arsenide 


LHIODIZAL: Fizika tveardogo tela, Ve 4, no- 4s 1962, 1062-1065 
‘sexi: wonocrystalline n-type InAs plates with an electron concentretion 

1 - 2 ' 
of ¢10 Tem 3 were used to study the intrinsic recombination radisytion. \. 


A pen junction of *0.1 ae was produced by diffusion of Zn or Cd intc the 
InAs plate. The nonequilibrium carriers were excited by pulsed 
injection through the junction. The radiation was observed in para.lel 


to the p-n junction plane. At 171°K the emission spectrum has 4 narrow 
peak ut 1.47 ev (optical self-absorption edge) and two maxima at lower 
energies which are in connection with recombination via impurity lavels. 
One of these levels is 0.2 ev distant from the middle of the forbidden 
band, the other 0.25 ev from a band edge. The relative height of ail 
maxima depends on the current density through the: p-n junction. At less 
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Reconbination radiation of gallium ... B102/B104 
tha ta/om® only iupurity radiation is observed, then intrinsic ratiation 


arises and increases rapidly, and tetween 10 and 100 a Jom the relative 
height of the maxima remains conatart. The results can be explained dy 
assuming volume-charge recombination at weak currents and injection at 


has , 2 or ; ; F 
nign currents. At above 10 a/cm the emission intensity increases 
linearly with the current density through the p-n junction and decraacns 


only above 10° a/cn’. The forbidden band width is temperature-Jopendent 


according to the law (1.51-5.6-107 47) ev. The intrinsic umission Line 
narrowing observed at high ourrent denaities oan be explainnd by tnverre 


band Cilling (production of athten with "negative Lewperatere™ ) or by 
assuming that the injected carriers cause degenerate filling of om bend 
only. The latter posyitility is more probable. There are ° figurer. 
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Leningrad (Physicotechnical Institute imeni A. Fe loffe 
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(,.049.0) } Se eee 


9.4177 
avrdORs: uikhaylovay, il. Dey Masledov, De Ne, and Slobodchikov, S. V. 
gee ee = 7 Se 
LESba vnotomagnetic effect and pnotoconductivity in Inv 
vecluvlCab: Fiaika tverdago tola, Ve 4, noe dy 1902, 1227-1252 


16 


euxp: Phe photomagnetic effect and tne photoconductivity of n-type In? 
’ 0 fc) : : 
tigated et 169-300 & for carrier concentrations of n=d.4°10 


- eee . , any 
to 2°10 on ; at ju07K. The photoelectronotive force at 300 K up to 
~GUJC oe increases linearly with the maznetio field strength. ‘The 
photonegnetically induced photoelectromotive force of an electron 


. Saas ae ee tae : = eq: / \ : = Aes 
sezicorductor wit: impurities 1s Von 1 ai(1/tn,) with L {» on 
a. (1/tn,j}- 1 and t denote 


She phetoconductivity is then Vine = i, 


pars 


lengtn and thickness of the sample, D is tne diffusion constant. The 
lifetimes % and to, are to be determined froma photomagnetic effect anc 


by 


pnotoconductivity, respectively. The photoelectronotive force decreases 
with decreasing temperature. At the same time, photoconductivity increases 
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by more than ten times. It decreases at modulation frequencies of 


-410G cycles. The electron lifetime at 300°K is 1.7*1079=2.2°107> sec, ‘i 
45 + a a ‘ -6 -7 \ 


tnat of tne minority carriers is 2:10 - 2.5°10 sec. The diffusion 

tx of the noles increases with increasing temperature. This 

per.ture dependence is caused oy the decrease of the nole lifetime with 
easing; vemperature. The electron lifetime increases with subsiding 
<eravure. There are 5 figures. ‘Dh most important English-language 
erence is: C. Hilsum, 3. Foleman. ogeedings International Conference 
on Sesiconductor Physics. Prague, 1960. : 
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7.41777 
AUTSHCAS: Gutkin, A. A., and Nasledov, D. i. 
TITLE: The dependence of tne long-wave lizit of tne photo-effect in 


pen junctions cf 3aas on the electric field 


PLaICLICAL: Fizika tverdogo tela, v. 4, no. 5, 1962, 1360 - 1363 


' 
2242; Tne variation of the photocurrent Srom Gass crystals uncer tre bf 
action of a strong electric field was investigated. The long-wave edge 


of the spectral characteristic was deverainea for a Gaas photo-cioce witn 
den junction. Results: (1) In the photon-energy range of 1.59 - 1.415 

2 ev, the spectral characteristic is parallel to the curve for the absorp- 
sion coefficient k = f(hw) (cf. T. S. Moss. J. Appl. Phys., 38, 2136, 
1961) in the absence of an electric fielé. (2) shen Auwis less than 
1.39 ev, the spectral characteristics for various voltages in the back 
direction begin to diverge. Hence, k pee a function of the field 

‘+a /2 

strengtn. It was founc that Toh s \ wax when k €1/Ni. Here, Toh is the 


j-w/2 
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photoecurrent, W is the width of the space-charge region (= crystal), x 
ig the coordinate counted from tae cen-ver of the space charge. (3) The 
grobability a(w) of quantum absorption was calculated from 


a(w) = “a8?/a, oe jt)?! ? exp [= (4\2m,,/3ene)< ¢,~hig)? ae where & is the 4 
field strength, A is a constant, a is the reduced mass of the carrier 
pairs, anda a ig the forbidden band width. Assuming zn? 0.07 mo a, 

= 0.6 a, and & = 1.38 ev qualitative agreement with experimental cata 

was obtained. (4) If Tenes carriers excited by light in regions where 

= = Q make large contributions t2 tne photo-current. There are 2 fig- 


ureSe 
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B108/B138 
AUTHORS s Vinogradova, k. I., Galavanov, V. V., and Nasledov, Ds Ny. 
TITLse vependence of carrier mobility on the impurity concentration in 


Inod crystals 


PERIODICAL: Fizika tverdoco tela, v. 4, no. 6, 1962, 157% - 1674 


TEXT: The authors studied this problem as little information has been 
available. ‘enasurements were made at 77 and 300°K. The hole mobilities me 
at beth temperatures are virtually the same; they decrease with increusing 
impurity concentration. ‘tlectron mobility decreases ‘slightly with in- 
creasing impurity concentration at 77K. At 309 K it remrins constant up 


to 10'6 cnt but at higher concer.trations it decreases and approaches the 
same value as at 77 K. at low temperatures mobility is chiefly deter:.ined 
by the scattering of electrons from holes and phonons. There are 2- figures, 


ASSOCIATION: Fiziko-tekhnicheskiy institut im. A. F. Ioffe AN S55R Lenin- 
grad (Physicotechnical Institute imeni A. F. Ioffe AS USSR, 


Gorrwbesteba ueningrad) 


APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001136110016-1" 


"APPROV 6-00513R001136110016-1 


Pe ib. : ot 


ZOLOTAREV, V.Fo3 NASLEDOV, D.N. 


tomagnetic emf in p-type indium antimonide at room temperature 
rhage Gartatls magnetic field. Fiz.tver.tela 4 no .721952=1956 Jl 


"62 (MIRA 1636) 
1. Fisiko-tekhnicheskiy institut imeni A.F.Joffe AN SSSR, 
Leningrad. 

* (Indium antimonide) (Photomagnetic effect) 
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GUTKIN, A.A.; NASLEDOV, D.N.; SeDOV, V.Yeo3 15..RENKOV, B.V. 


Photoelectric properties of Gada p-n junctions. Fiz. tver, tela 


4, n009 :2338—2348 S 'é2, (MIRA 15:9) 
1. Fisiko-tekhnicheskiy institut imeni A.F. Ioffe AN SSSR, 
Leningrad. 

(Junction trensistors) (Gallium arsenide) 


(Photoelectricity) 
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ZOLOTAREV, V.F.3 NASLEDOV, D.N. 
Photogalvanomgnetic phenomena in InSb at room temperature. i 
tver. tela 4 n0.92567-—2575 S "62. (MIRA 15:9 


1. Fiziko-tekhnicheskiy institut imeni A.F, Ioffe AN SSSR, 


Leningrad. 
(Hall effect) (Indium antimonide ) 
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Ay id. . B106/B104 
ts ene) 
AUTHORS : Naeledov, D. N., and Slobodchikov, S. V. 
TITLEs The electrical properties of GaP crystals 


PERIODICALs Pisika tverdogo tela, v. 4, no. 10, 1962, 2755 - 2759 


TEXT: The variation of the conductivity and of the Hall constant of LL 
n-type and p-type GaP single crystals with temperature was studied in the J 
range between 78 - 100°K and room temperature. The conductivity and the 
Hall effect were measured by the usual potentiometric compensation method. 


The netype samples had a carrier concentration of about 2-10'7 cn”), the 


18 


petype samples had one of ~ 1.2°10 on”, and the partially compensated 


p-type samples one of ~w 410! ca”, The ionisation energy of the donor 
impurities as estimated from the temperature dependence cf the Hall con- 


stant wee of the order of 1072 ev. The variation with temperature of the 
electron mobility shows that the letter is limited by the scattering from 
impurity ions at low temperatures. The rapid decrease at higher tempera- 
tures (>150°K) can be explained by the dominast scattering from polar 
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3/16 1/62/004/010/018/063 
The electrical properties of. GaP crystals B106/B104 


lattice vibrations. An estimate of the electron éffective mass gave 


om . 065m. As temperature decreases, a considerable change in resistivity 
of partially compensated p-type GaP in a magnetic field can be observed. 


= is proportional to H? within the range of 1000 = 6000 oe. The results Pa 
° é wi, 
show that poler lattice vibrations can play a significant part in the " 
mechanisa of carrier scattering, in particular for pure and for compensated 
GaP of low conductivity. There are 7 figures. 


ASSOCIATION: Fiziko-tekhnicheskiy institut ia. A. F. Ioffe aN SSSR, 
Leningrad (Physicotechnical Institute imeni 4. F. Ioffe 
AS USSR, Leningrad) 


SUBMITTED: May 17, 1962 


Card 2/2 


APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001136110016-1" 


"APPROVED FOR RELEASE: 03/13/2001 


CIA-RDP8 
bane io] fe He ora lees ATE: 


c 
conrad | Pes 


HASLEDOV, Dell.; SLOBODCHIKOV, S.V. 


Photoconductivity in GaP. Fis.jtver. tela 4 no.11:3161-316&% 
N '62, aie ‘ (MIRA 15:12) 


1. Fisiko-tekhnicheskiy institut imeni A.F. Ioffe AN SSSR, 
Leningrad. 
(Photoconductivity) (Gallium phosphide) 


APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001136110016-1" 


"APPROVED FOR RE 


ihe A: 


LEASE: 03/13/2001 CIA-RDP86-00513R001136110016-1 
Hee a | 6 sera a SG a Be ras 


SASIEDOV, B:8.; ROGACHEV, A.A.j,RYVKIN, S.M.; KHARTSIYEV, V.Ye.; 
THARENKOV, B.V. 


Structure of direct recombination spectra of galliua 

e e e tela neo: 3346-3348 H '@. 
arsenide. Fis. tver 4 aes 
1. Fisiko-tekhnicheskiy institut imeni A.F. Ioffe AN SSSR, 


ia : (Gallium arsenide—Spectra) 


APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001136110016-1" 


ELEASE: 03/13/2001 


git ae Tob live 


CIA-RDP86-00513R001136110016-1 


: a Ad 2. a Be 
pa es aces fas l tp ec Ss, | z 


Het 


f 
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Photoelectric solar energy converters using GaAs. 
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(MIRA 15:11) 
1. Fisiko-~ cheskiy institut im. A.P. Ioffe AN SSSR. 
(Photoelectric pells) 
(Solar batteries) 


APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001136110016-1" 


"APPROVED FOR RELEASE: 03/13/2001 


mak = S38 Brice dod 5 Pee IES. 


LSE = Dees ~ 7 oe 5 ; Perce Cail rae nae ae as i ree ewes tie. iS i 


CIA-RDP86-00513R001136110016-1 


s/030/62/000/003 /007 /007 
B102 4138 


AUTHOR: Nasledoya Ds te: Professor 


TITLE: New semiconductor materials 
PERIODICAL: Akademiya nauk SSSR. Vestnik, no. 3, 1962, 87 - 89 


TEXT: The conference convened by the Fiziko-tekhnicheskiy institut im. 

A. F. Ioffe Akademii nauk SSSR (Physicotechnical Institute imeni 

A. F. Ioffe of the Academy of Sciences USSR) was held in Leningrad 

from 13. - 23. December 1961. It was devoted to the exchange of 

information on the production and properties of new semiconductor 

materials. It was attended by over 300 scientists who read papers, on, 

and discussed, the production and study of semiconductors in the Soviet ae 
Union during the last 2 - 3 years. Most of the new semiconductor Vv 
materials mentioned were multicomponent chemical compounds, with those & 
between elements of the 3rd and 5th groups playing e central part. ‘ine 
antinonides and arsenides of indium and gallium seemed to show particular 
promise for the future, GaAs has been found very suitable for diodes 
operating at high temperatures and those with pulse durations of up to 
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$/030/62/000/003/007/007 
New semiconductor materials B102 /3B138 


107? sec. InAs and InSb have been used for sensitive Hall generators, 


photoelectric cells, photoresistors etc. These compounds are obtained J 
as homogeneous, pure, Single crystals. A number of papers were devoted 

to the investigation of the properties of this kind of semiconductor, 

with particular attention to structural defects and their effects. 

Besides lead compounds and multicomponent solid solutions, reports were 
also read on silicon carbide semiconductors which are highly suitable 

for apparatus with pen junctions operating at high temperaturer. Oxide 
aemiconductors appear to be particularly important for industry, espedally 
for temperature measurement and control. Motions were carried to the 
effect that semiconductor research should be intensified, especially 

in the sphere of energy spectra in a wide temperature range, carrier 
scattering, doping methods and the production of high-purity single 
crystals. New semiconductor devices should also be developed. 
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AUTHOR: Imenkov, A. N.; Kozlov, M. M.; Nasledov D,_N.; Tearenkov, B. V. ee 
ORG: Institute im. A. F. Ioffee, AN SSSR, Leni (Fiziko- B 

y 

> 

TITLE: Kinetics of radiative recatbination of nonequilibriun carriers in GaAs 
junctions v7 aa 


SOURCE: Fizika tverdogp tela, v. 8, no. 7, 1966, 2098-2103 


TOPIC TAGS: gallium arsenide, radiative recombination, semiconductor carrier 
junction, relaxation process, spectral distribution, radiation intensity a 
ABSTRACT: The authors report results of experiments on the dspendsncs, on the current 
density, of the intensity of radiation for different bands of the spectrum ( 


when rectangular current are passed through the junction. The relaxation study 
1s a continuation of earlier work by the authors (Abstracts of Papers of Second All- 


Union Conference on Junctions, AN LatSSR 1964, p. 14) where a long-wave 


was not er the te os & square . GaAs p-n junctions 
were obtained by diffusion of Zn, Cd, or Cd and Mm jointly. ‘The tests consisted of 


Fete Ene ies distribution of the radiation intensity, the variation of the 
radiation ty with the current, and oscillogrems of the current, voltage, and 
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combination of the nonequilibrium carriers goes in part leve 

pig kinetics of such a process are discussed. Tin Gaunt Ga aek oat ae 
t 1s several orders of magnitude shorter than the intensity Palmer en 

long-wave radiation. The bands with longer wavelength have longer relaxation times. 


minority carriers injected over the potential barrier and captured at 
The authors thank 0, V. onstantiny, Vo I. Perel’, and A. ie Etoe for 2 dineasi 
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Galvanomagnetic properties of indium antimonide doped with elezents 
from the firse and second groups, in the temperature interval 4.2 to 


300°K. K. I. Vinogradova, D- Ne tasledax, Yu. G. Popov, Yu. S. 


Smetanni kova. 


Electrica! properties of doped crystals of indium antimonide in a 

wide range of temperatures anc impurity concentration. V. V- Galavanov, 
0. N. Nasled A. S$. Filipehenko. 

(Presentec by V. V. Galavanov--15 minutes). . 


‘ 


Rene: presented at the 3rd National Confe-ence on Semiconductor So-mounds, 
Kisiizeav, 16-21 Sept 1963 
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<-cctrieal properties of highly degenerate crystals of ng SNC pmtyse 
cevlium arsenide. 0. Vv. Yemel'yanenko, F. ?. Kesamaniy, 3. NK. NaS iecoy, 
V. G. Sidorov, G. N. Talalakin. cee wea pe eens 


. 


Concerning the interaction of electrons with lattice vibrations in 


saiiium arsenice. 0. V. Yemel'yanenxo, T. S$. Lasunova, 5. 4. Nas lecov, 
ve. Ye. Sncherbatov. ail 


Electrical properties of ga! lium arsenide wi 
&. N. Nasledov, G. N. Talalsekin. 


ct a ee 


th different impurities. 


savestigation of the Properties of impurity zones in crys 
Gallium arsenide. 0. y. Yeme!'yanenko, T. S$. Lagunova, 
V. Ye. Shcherbatov. 


tals of Prtype- 
0. N. Nasiedov, 


Galvanomagnetic properties of indium ar 


senide in a wide temperature 
range. Yu. M. Burdukov, I. V. Zatova, 


T. S. Lagunova, 0. N. Nesledov. 


pe eR as. 


Nernst effect in n-type indium phosphide. 
» Ps Kesamanly, E. E. Klotin'. 
(Prasented by 0. Vv. Yeme!'yanenko*-25 minutas). 
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8/161/63/005/001/024/064 


B102/B186 
AUTHORS: Naskedov, D. N., Mamayev, S., and Yemel'yanenko, 0. V. 
TITLE: Investigation of the thermo-enf and the thermomagnetic 


effects in alloys of the system CdSnde,-2 Inds 
PERIODICAL: Fisika tverdogo tela, v. 5, no. 1, 1963, 147-150 


TEXT: The authors continue previous investigations (FTT, 2, 1760, 1960; 3s 
3405, 1961; DAN SSSR, 142, 623, 1962) of the system CdSnAs,-2 InAs whose a 


‘ initial components are characterized by a particularly high carrier 


mobility (715,000-20,000 ca’ /v-sec). In the range 0-50% InAs the alloya 
have chalcopyrite structure and above 50% InAs sphalerite structure; 

below 75% InAs they are n-type, above this they are p-type. The thermo-enf 
and the thermomagnetic Nernst-Ettingshausen effects were measured by a 
method described in PTE, No. 1, 98, 1960, applying weak magnetic fields 
(uH/c%1). In CdSnAs,, Inds, the Nernet-sttingshausen effects (Q!, Q'), 


thermo-enf (a), mobility (u) and Hall effect (R) were measured in the 
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Investigation of the thermo-eaf and ... B102/B166 


range 100-600°K. For CdSnAs, and InAs the temperature dependences of the 
effects were similar: At low temperatures Q" and Q‘ were negative, changed 


sign between ~300-400°K and reached maxima at ~600°K. u decreased slowly 
with increasing temperature and dropped to 6000 ca‘/v.sec. R remained 
almost constant, a was always negative, ja| increased with temperature. 
The negative sign of Q at low temperature is indicative of carrier 
scattering from impurity ions; r from the l-w* law is 2. The positive 
sign at higher temperatures is attributed to carpier scattering from 
acoustic phonons (r = 0.0 - 0.3). Here 1 is the mean free path ana v the 
velocity of the carriers gr rte Corresponding measurements of 
2CdSnAs,° (2InAs) and CdSnds,*(2Inds),having electron concentrations of 
167210 Pom"? 
100-700°K. For both alloys Q'' and Q1 were positive in the whole range 
with maxima at high temperatures. u and R of the first alloy remained 
almost constant, u of the second one had a distinct maxisua at T 2 600°K 


(~2000 on” /vsa00) where R dropped. For both r « 0.3 - 0.9 in the whole 


and 4:10 86a7? at room temperature, were made in the range 
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hy 


temperature range The effective carrier mage was always small and 
almost independem of composition; its most probable :alue was~ 0.045 a,’ 


There are 4 figures and 1 table. 


ASSOCIATION: Fiziko-tekhnicheskiy institut im. A. FP. Ioffe AN SSSR, 
Leningrad (Physicotechnical Institute imeni A. F. Ioffe 
AS USSR, Leningrad ) ; 


SUBMITTED: July 23, 1962 


Card 3/3 


APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001136110016-1" 


"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001136110016-1 


zy 


Nusliclou, DM — aor 


AID Nr. 975-15 23 May 
NONLINEAR PHOTOEFFECT OF GaAs p-n JUNCTIONS (USSR) 


Gutkin, A, A., D, N. Nasledov, and V. Ye. Sedov. Fizika tverdogo tela, 
ve 5, no. 4, Apr 1963, 1138-1142. S/181/63/005/004/027 /047 


Two types of GaAs photodiodes were studied. The specimens were obtained by 
diffusion of acceptor -type dopants into n-type material with a carrier concen- 
tration of = 107% cm and a carrier mobility of ~ 3200 cm2/vesec, The 
p-region of the first type of sample was ~ 10 p thick after diffusion and was 
decreased by etching in a boiling mixture (5NaOH (5%) + 1 HO, (30%) + 24H) 
to=- ly. The p-region of the second type was 1 » thick after diffusion and 
the specimens were not etched. Diffusion conditions were designed to produce 
a dopant-atom concentration of ~ 1018 cm™3 at the surface of the samples. 
Photocurrent characteristics, dependence of photosensitivity on bias light in- 
tensity, spectral distribution of photosensitivity with constant-spectrum bias 
light, dependence of photosensitivity on bias light wavelength, and spectral 
distribution of photosensitivity with a constant electric field ap- 
plied to the illuminated p-surface were obtained. Specimens of the first type 
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NONLINEAR +. JTOEFFECT [Cont'd] $/181/63/005/004/027/047 


had nonlinear photocurrent characteristics and exhibited increased photosen- 
sitivity with an increase in bias-light intensity. The nonlinear properties of 
the first type of diode are attributed to light-induced changes in the recom- 
bination rate at the illuminated p-surface. Specimens of the second type had 
linear photocurrent characteristics, and exhibited no dependence of photosen- 
sitivity on bias light. : [BB] 


APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001136110016-1" 


